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I N TRODUCTION 
The purpose of this investigation was to study the 
hydrogen ion changes, if any, which follow serological 
reactions, and possibly to contribute to the elucidation 
of the physico-chemical arrangements of the chemical 
groups in antibody and antigen molecules. 
The practical problem was to measure the PH changes 
in the reactions of two systems: 
1. Plant hemagglutinins and blood group A substance. 
2. Diphtheria toxoid and diphtheria antitoxin. 
1 
BACKGROUND 
A great deal of time has been spent during the last 
thirty years in studying serological reactions and the 
physical and chemical structures of antibodies and antigens. 
Studies of antibody-antigen reactions were undertaken 
by such workers as Erlich (21) and Arrhenius (2). But 
only in recent years has a large number of physical sci-
entists become interested in this field and large amounts 
of experimental data become available. There is now a 
large amount of literature dealing with the subjects of 
serology and immunochemistry and only a small portion of 
these studies can be mentioned in the brief review of 
serology which is given here. 
At the very beginning of serological research the 
chemical nature of serological reactions was recognized 
and the classical rules of chemistry were applied to the 
study of serological phenomena. 
Felton (26) found that antibodies are proteins in 
nature and belong in the globulin fraction of blood serum 
proteins. He described the methods of separation and 
purification of the antibodies which later was improved by 
Felton (25) and Chow et ~· (16) and modified by meny 
others, including Cohn (16a, l6b) and co-workers at Harvard. 
Boyd (14) and Renkonen (65a) ·independently showed that 
human red cells can be specifically agglutinated by saline 
extracts of plant seeds such as lima beans, Lotus tetra-
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gonolobus, Cytisus seussilifalius etc. 
In studies by Heidelberger, Tiselius, Kekwick, 
Landsteiner and others (3?, ?2, 46, 48) isoelectric point, 
molecular weight and the shape of the molecules of antibody 
were determined. It was found that chemical and physical 
differences exist among the different antibodies and among 
the antibodies derived from different species. Early 
workers in serology believed that only proteins were anti-
gens, but Day (1?) and later Felton (24) isolated bacterial 
antigens which were polysaccharide in nature and produced 
specific antibodies when injected into mice and men. 
The role of the lipids in the production of antibodies 
and in the antibody-antigen reactions has also been em-
phasized (3?, 43). Heyningen (38) points out that there 
are no fundamental differences in the reactions of toxins 
and antitoxins as compared to the other antibody-antigen 
reactions. However, toxins not only can be neutralized by 
the antitoxin but may lose their toxicity spontaneously or 
can be artificially detoxified without losihg their 
antigenicity. 
Glenny and Suedmerson ( 2?) and later Ramon (64) f'ound 
that toxin could be detoxified by treatment with formalde-
hyde and from this time on numerous detoxifying agents have 
been used, as: ketene, nitrous acid, iodine, ascorbic 
acid etc. 
An important advance in serological investigations 
was the discovery (29) that the specific precipitate con-
tains both antigen and antibody. Landsteiner (4?) and 
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other investigators, working with artificial conjugated 
antigens provided a great deal of information on the 
specificity of the antibody-antigen reactions. Heidelberger 
(35) and Marrack (50) in their quantitative studies 
determined the amounts of antigen and antibody present in 
the precipitates. 
The improbability that the union between antigen and 
antibody is due to the formation of covalent bonds was 
recognized in the early investigations. The observed two 
stages of antigen-antibody combination (8, 22, 50), the 
considerable reversibility of the reactions (34, 23), and 
the studies of the effects of temperature, PH and the salts 
on the serological reactions ( 6, 31) .gives the indication 
that the union between antigen-antibody is unlikely to be 
brought about by covalent bonds. The strongest argument 
against the assumption of covalent bonding (as Landsteiner 
(47) and Boyd (13) point out) is the fact that quite 
different substances, regardless of their chemical nature, 
are capable of reacting with the antibodies. 
The possibility of the operation of Coulomb forces 
in antibody-antigen· co~bination has received more favorable 
consideration (16, 35, 47). Pauling (60) and Singer (67) 
claimed that a number of forces play a role in the mecha-
nism of those reactions and have summarized them as: 
electrostatic Van der Waals attraction, Coulomb attraction, 
attraction of electric dipoles, hydrogen bond formation 
etc. The question of how the antigen and antibody operating 
by those non-specific forces manage to be highly specific : 
was tentatively answered 0y Breinl a~d Haurowitz (5) and 
Mudd (52). They proposed the theory of structural com-
plementarines in which the specificity of serological 
reactions is explained on tha basis of spatial arrangements 
within the sp~cific determinant groups. 
Later Rothen, Landsteiner (66) and Pauling (59), 
discussing this theory, pointed o~t the possibility that 
the polypeptide chains may be folded in different ways and 
may provide the specificity to the reactions by the 
different configuration of the polypeptide chains. To 
explain the precipitation and agglutination reactions 
Marrack (50), Heidelberger (30) and their collaborators 
proposed the lattice theory according to which the antibody 
specifically attaches to two cells or molecules of antigen 
and holds those cells or molecules together. This theory 
was later espoused enthusiastically by Pauling (62). 
According to this theory the essential requirement for 
the precipitation is that both antigen and antibody be 
multivalent or at least bivalent. Pappenheimer (58) and 
Pauling (62) and later Goldberg, Doty, Marrack, Orlons 
and others (28, 19, 51) showed evidence that the antibodies 
are bivalent. 
Heidelberger and Kendal (33) demonstrated the presence 
of univalent antibodies which were able to combin~pecifi­
cally with the antigens but did not form a precipitate. 
Horsfall and Goodner (44) argued that the flocculation 
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requires also the presence of lipids. In their experiment 
they extracted the lipids from horse antipneumococcal serum 
and found that there was loss of flocculation ability; 
where on addition of cephalin or lecithin the ability to 
flocculate was ,again restored. Orlons (56) in her experi-
ments partially confirmed the findings of Horsfall and 
gave theoretical explanation for the role of lipids in 
immunological reactions. 
There is good agreement among the workers in t~is 
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field that the anti03ns are multivalent. Boyd and Hooker 
(10) found that the number of the valence increases pro-
portionally with the increasing molecular weight of the 
antigens. Hooker and Boyd (41), however, were not convinced 
that antibody was bivalent and were for a time apposed to 
to the lattice theory. Boyd (11), working with antisera 
for various haptens, concluded that the lattice theory 
was not required to explain the precipitin reaction. 
Hershey (39) and later Raffel (63) expressed themselves 
in favor of the l attice theory, and there is now consi der-
able evidence, summarized by Boyd (9), that antibodies 
are bivalent. 
Rothen (65), studyihg the reactions of proteins in 
thin films, obtained experimental results which he believed 
indicated that specific long rarige forces operate in im-
munologic and enzymatic reactions. Evidence against this 
view has been summarized by Boyd (9). Singer (67) also 
? 
criticized the findings of Rothen and again defended Pauling's 
(60) and his own theory of short range forces in the immuno-
logical reactions. 
There is more uniform agreement that the ordinary 
"short range" forces operate in serological reactions. 
The question still remains, which particular forces 
are responsible for the antibody-antigen union, and to 
what extent.each operates. The determinations of the heat 
of reactions (12), equilibrium constants, and free energy 
change studies (32, 70, 19) indicate that to some extent 
electrostatic-Coulomb forces must be involved in those 
reactions. From those and other observations a theory 
developed suggesting that the specific affinity for the 
combination of antigen and antibody partially depends on 
the attraction between oppositely charged groups, arranged 
in complementary patterns, on the ant.igen and antibody 
molecules (42, 51, 70). The ionized groups which have 
received most attention are: negative carboxyl and hyd-
roxyl groups and positively charged amino and guanidinium 
groups (68, 69). 
To find justification for this picture Landsteiner 
(48) experimented by acetylating the reactive groups of 
antibody and antigen. He found that acetylation completely 
or partially inhibited precipitate formation in the antigen-
antipody reactions. Pauling (61), working with various 
haptens, confirmed the findings of Landsteiner. Similar 
results were found by the work of Marrack and Orlons (51); 
using acetic anhydride as acetylating agent for both 
antigen an~ antibody, they found partial inhibition of 
precipitate formation. But light scattering and ultra-
centrifUge methods revealed that antigen-antibody complex 
was still formed. 
Pa:ppenheimer (57) acetyl a ted · ·th~ · .ba.si.c ~groups .. of 
dip~~h~ria toxin with ketene and formaldehyde and found 
that the toxicity was lost and the time required for 
flocculation with the correspondi~g antitoxin was prolonged. 
Heidelberger and Maurer (36) found little or no effect on 
specific antibody-antigen combination and precipitate 
formation, when they acetylated the ionized groups of 
those reactions. 
Singer and Campbell (68, 69, 70), working on the 
thermodynamics of the reaction between bovine serum albumin 
and its rabbit antibodies, report that in excess of antigen 
the antigen-antibody precipitate can be dissolved; they 
were able to determine the equilibrium constant and to 
evaluate the free energy changes in the system. 
Singer, Eggman and Campbell (paper in press in J. Am. 
Chem. Soc.), working with ovalbumin and its rabbit anti-
bodies, calculated the antigen-antibody equilibrium 
constant as a function of pH. In this, as in the previous 
experiment, they claim to have proven that at least one 
carboxylic group is involved in these antibody-antigen 
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reactions. The discussion by Singer ~ ~· of the results 
of their experiment is quoted directly: 
"Ultracentrifuge experiments were performed with 
solution OA-R at a protein concentration near 14 mg/ml 
in a number of buffers of n /20.1 and pH more acid than 
7.5. In acetate buffer, pH 4.98, the ultracentrifuge 
patterns are very similar to those at pH 7.5. However, 
below pH 4.5 (in lactic acid-NaOH buffers, r!/20.1) 
profound changes occur. As in the rabbit anti-BSA system, 
progressively larger amounts of free Ab ((-globulin appear 
between the peaks due to the slowest-sedimenting complex 
(the a-complex) and the free Ag, while the amounts of the 
complexes diminish. At pH 2.4 (in glcyne-HGl buffer, 
n /20.1) the diagram is essentially that of a correspon-
ding mixture of OA and normal rabbit ~~globulin. A 
solution at pH 3.1 dialyzed back to pH 7.5 exhibited a 
diagram in distinguishable from that of a solution kept 
at pH 7.5, indicating that the acid dissociation of the 
complexes was completely reversible under those conditions. 
The resolution of the various species, enhance the 
precision of the relative area determinations of the free 
g, free Ab, and ~-complex are poorer than in the rabbit 
anti-BSA system. Again, we infer from the absence of any 
other peaks i n the di agrams that the Ag- Ab and (Ag )2Ab 
complexes are not resolved , and that their sum makes up 
the a-comDlex area in a ci d solut ion. The f r a ction of the 
a- c mr.plex·- area attributable to t ' ... e ..:· gAb complex is cal-
culated from the relation: 
where c represents mo l ar concentration. This permits 
evaluation of a lmost enti rely ex_ erimental equi librium 
cons t ants, K, for the re a ction Ag + Ab.....a 1 gAb a s a 
function of pH. 
In or d.e r to eJ;:pl ain the effect of acid pH on llg-Ab 
e q_uilibri a , vve have previousl y proposed a model system 
·wi th the following properties: a ) in each of t he tV~JO 
reactive sites of the Ab molecule t here is one negatively 
charged group, and in all f sites of the Ag molecule one 
positively char ged group, which must be ionized for reac~ 
tion to occur (Interchanging positive and negative charges 
would have no effect on the argument.); b) the acid dis-
socia tion of the positive groups occurs in the alkaline 
pH range; c) the acid association of the negative groups 
can be described by a single intrinsic equilibrium 
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constant; d) the effect oh t he reaction of the net charges 
on the entire Ag and Ab molecules is negligible. From 
this model it follows that 
( 1} log ( l -~\ = log KH - pH 
K Kc)J K0 
where Ko and KH are the equilibrium constants for the 
reactions 
( 2} Ag +f + Ab-2 ~Ag+ ( f-1) Ab-1 
+ (3) Ag+ (f-1) Ab-1 + H ¢Ag (f-1) HAB 
respectively, and the apparent e quilibrium constant, K, 
is determined from the sedimentation pa.tterns. 
(AgA-t;] total ( 4) 
{_Agt f] [Ab] total 
If at pH 8, the positively and hegatively charged groups 
in the reactive sites of the Ag and Ab molecules are fully 
ionized, then K = Ko at that pH. For the reaction 
} .. g + Ab ~ .AgAb at pH 8.5, K was determined to be 1.2 x 105. 
The relation~ between log (1/K - l/K0 ) and pH is indeed linear with slope -1.0 within experimental error. Since 
log (KH/Ko ).-.. and KH :;; Ko, the pK for the dissociation of 
the acid group in the reactive site is about 5, which is 
near that of an isolated carboxyl group. It is to be 
noted that the effects of acid pH on the anti-OA and anti-
BSA systems are quantitatively indistinguishab~e. 
Our results are therefore consistent with the 
presence of one carboxyl group in each Ag-Ab bond which 
must be ionized in order for the bond to form. Alternative 
causes of the acid bond dissociation :m.ay be postulated, 
including a) non-specific electrostatic repulsion between 
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the positively charged Ag and Ab molecules, and b) reversible 
configurational changes in either or both the Ag and Ab 
molecules. The former of these, however, may be eliminated 
for the anti-OA system by the same arguments which were 
valid in the anti-BSA system. As for the latter possibility, 
while BSA does undergo marked reversible configurational 
changes in acid solution, there is no evidence of similar 
behavior with OA. 
We conclude, therefore, that a single ionized carboxyl 
group is an essential part of the Ag-Ab bond in the rabbit 
anti-O.A, as well as the rabbit anti-BSA, systems. The 
inference is made that a single positively charged group 
is present in each complementary site, which is consistent 
with a) the dissociation of OA-Ab bonds in sufficiently 
alkaline as well as acid solutions; and b) the positive 
standard entropy change in the Ag-Ab reaction. 
Although it has long been suspected that salt linkages 
constitute a part of the mechanism of the reactions between 
natural protein antigens and their antibodies, quantitative 
and unambiguous evidence has heretofore been lacking. 
Whether a single salt linkage per bond is a feature common 
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to most, or all, such systems requires further investigation." 
The role of electrostatic-Coulomb antigen-antibody 
combination can also be investigated )y determining the 
changes of hydrogen ion concentration in those reactions. 
Hirsh (40) in 1922 tried to measure pH changes in a pre-
cipi tin reaction and agglutination of bacteria and thought 
he had found that there are large changes in pH. His 
findings were criticized by Smith and Marrack (?1), who 
point out that 
" ••• Hirsh seems to have taken no steps to ensure 
that his antigens were of the same pH as his antibodies, 
nor to avoid changes of pH due to extraneous causes 
during the reaction.n 
To test on the findings of Hirsh, Smith and Ivlarrack ( ?l) 
tried to measure pH changes in diphtheria toxin and 
antitoxin reactions. This is a direct quotation from 
their account of the experiment: 
"250 c. c. of toxin TX 502 (20 Lf units per c.c.) 
were precipitated with acid in the cold. The precipitate 
was centrifuged off and dissolved with 0.1 N NaOH. The 
pH of the solution was 5.89 and volume 2 c.c.; 1 c.c. 
contained 1.? mg of nitrogen and 580 Lf. units (2.5 
nitrogen per Lf. unit.) 
To 2 c.c. of antitoxic pseudoglobulin 3018 (1130 
units per 1 c.c.) were added 0.1 c.c. of 2 N NaCl solution, 
and 0.13 c.c. of 0.04 N NaOH to bring the pH to 5.85. 
1.3 c.c. of this pseudoglobulin solution were added to 
2 c.c. of the toxin solution covered with neutral parafin 
oil in a small dry glass tube which was then stoppered. 
The mixture became very thick at once, the pH immediately 
after mixing and after three-quarters of an hour was 6.86. 
The mixture was then frozen solid and rewarmed. It 
was then completely flocculated; the pH remained 6.86. 
After keeping overnight in the ice-chest the pH was still 
the same. 
The buffer power of the supernatent fluid in this 
experiment was approximately twice that of the floccules. 
The Ph estimations were accurate to within 0.02 so that 
the pH change in the reacting protein must have been 
under 0.06." 
In spite of the general belief that Coulomb forces 
are involved in serological reactions, the work of Hirsh 
and of Smith and :Marrack seems to constitute the sum 
total of all attempts to investigate the question of pH 
changes experimentally. Since it is now possible to 
obtain reagents which are much more concentrated than 
those used by the early workers, because much more con-
centrated antitoxin can be prepared by modern methods, 
and because of the purification and concentration of 
plant agglutinins (lectins) by Boyd and coworkers (14), 
it should be much easier today to detect a pH change, if 
one really occurs. 
The lectin system is the most concentrated now 
available and in addition the lectin-A substance system 
offers the advantage that the antigen in this case has 
virtually no buffer action. 
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EXP ERI ME NTAL 
A. REAGENTS Al\TD METHODS 
I. The anti@9n and antibody for this investigation were 
chosen in light of the desiderata tha t they must be 
concentrated, and as far as possible free from other 
substan ces with buffer power. With this in mind the 
most promising systems were taken to be: 
a. Plant he~agglutinins plus blood group A subs t ance. 
b. Diphtheria toxoid plus diphtheria antitoxin. 
The plant agglutinins and di phtheria antitoxin are 
advantageous for this work because they can be prepared 
in concentrated and partially purified form. In the 
lectin solutions over 30% of the protein present is 
specifically active. Comparing isoagglutinins of human 
seru@ it is found that the s pecifically active protein 
comprises much less than 1% of the total protein pre s ent. 
Kabat et al. (45) combined hog A sub stance with the man 
anti-A blood serum and found in 2 ml of blood serum the 
maximum amount 0.029 mg of precipitable anti-A antibody 
nitrogen. 
In this c ase the specifically active protein amounts 
to 
0.029 X 6.25 
2 0.0906 mg/ml. 
According to Walker et al. (73) the mean value of pro-
tein in 100 ml of blood plasma is 7.2 gm. or 72 mg/ml. 
13 
Therefore, only 0 ·~~06 x 100 ~ 0.13% of the total protein 
present was specifically active. The lectin and dip~theria 
antitoxin in this work employed have less inactive protein 
to obscure any pH changes which may result from the union 
of antigen and antibody. Another advantage of the plant 
hemagglutinin used is that in this case the antigen (A 
substance) is not a protein and has very little buffer 
power. Consequently it will have less effect in masking 
any pH change which may take place. 
a. Plant Hemagglutinin-Lectin 
The A-specific hemagglutinin was obtained from 
Boston University School of Medicine and was prepared by 
Boyd et al. (14) from Breck's Sieva lima beans. Those 
plant proteins with the agglutinating property are called 
by Boyd (15) lectins, and from now on this name will be 
used here. 
The full procedure for the preparation of lectins is 
described by Boyd~ al. (14). In sunnnary, the beans were 
ground and soaked overnight in 0.15 M NaCl solution. The 
meal was squeezed through a towel, the extract acidified 
and dialysed. The mixture was centrifuged, the precipitate 
was suspended in NaCl solution and centrifuged again. To 
the supernate ethyl alcohol was added to bring the concen-
tration to 20%. Then the solution was centrifuged and the 
supernate was discarded. The precipitate was extracted 
with 0.15 M NaCl solution and after centrifugation the 
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recovered 41 ml of supernate was diluted to 100 ml with 
0.15 M NaCl solution. This was the~ purified lectin 
solution. 
By precipitin tests with the isolated l ectin and 
various polysacchaDide substances Boyd ~ al. (14) found 
that strong precipitation resulted when the lectin was 
mixed with A substance prepared from hog gastric mucin. 
The same workers also made titer, nitrogen and other 
determinations on the purified lectins. With the per-
mission of the authors, Table I shows their results on 
a typical preparation (14). 
b. Blood Group A Substance 
The A substance was obtained from Boston University 
School of Medicine and was prepared by Dr. Ali Mohommad 
Khan from commercial hog gastric mucin essentially by the 
90% phenol method of Morgan (1). 
Briefly, the gastric mucin was dissolved in 90% 
phenol, clarified in a Sharples centrifuge and then 
precipitated by addition of a 1;1 mixture of 95% ethyl 
alcohol and 90% phenol. The precipitate was collected in 
a Sharples centrifuge, redissolved in 90% phenol and again 
was reprecipitated by the alcohol-phenol mixture. To 
remove the phenol the precipitate was washed with alcohol, 
dissolved in water ; dialyzed and dried from the frozen 
state. Finally the A substance, 1 gm/100 ml, was 4isso1ved 
in the 0.9% saline solution. 
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The specific activity of the A substance with the 
lectins was tested by Boyd~~· (14), using optimal 
proportions and inhibition methods (49). By comparison 
with some A substance of known 50% specific activity, it 
was found that 33% of the carbohydrate present was 
specifically active. 
c. Diphtheria Antitoxin 
The ahtitoxin was obtained from Massachusetts Public 
Health Biologic Laboratories and was prepared in their 
Vaccine Department essentially by the method of Banzhof 
(3, 4) and their own (unpublished) procedures. 
In summary, a horse is injected approximately every 
second day for a period of 60 days with increasing amounts 
of toxoid prepared from Corynebacterium Diphtheriae. 
Then the injected dose is kept constant and once every 
week bleedings of 9 liters are taken. The clotting of the 
blood is prevented with 10% sodium citrate solution. When 
the blood corpuscles settle, the plasma is aseptically 
drawn into another container. The residual cell suspension 
with 0.9% saline solution added is transfused back into 
the horse from which it came. 
The fibrin, euglobulin, denaturated protein and some 
pseudoglobulin from the collected plasma is precipitated 
by 30% saturation with ammonium sulfate. The mixture is 
filtered, the filtrate is collected and the precipitate is 
suspended in water and again precipitated by 32% ammonium 
lo 
sulfate saturation. The precipitate is separated by 
filtration and is discarded. 
The filtrate is combined with the previous filtrate 
and again precipitated by 50% saturation with ammonium 
sulfate. The mixture is filtered, the filtrate is dis-
carded and the precipitate is dialyzed to remove the 
ammonium sulfate. 
The dialyzed content is dissolved in 0.9% NaCl 
solution and clarified by pressure filtration through a 
Horman D-0 pad. The concentration of this preparation 
(as reported by the supplier) was 4200 standard units per 
ml and the total nitrogen was 6.48 mg/ml. 
d. Diphtheria Toxoid 
The toxoid was obtained from Massachusetts Public 
Health Biologic Laboratories. It was prepared in their 
Vaccine Department employing Mueller's modified method (54) 
with some (unpublished) modification of their own. The 
Corynebacterium Diphtheria Park-Vlilliems #8 strain was 
cultivated and Mueller's caseine hydrolisate (53) was used 
a s t he broth. 
The collected toxic filtrates were detoxif.ied by 
incubating with o. 5% formalin for a period of 8 weeks. 
The concentration of the toxoid (as reported by the 
supplier) is 4200 Lf units per ml. The purity is cla imed 
to be 100% and e ach ml of toxoid has 1.85 mg total nitrogen. 
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2. Equipment and ~"Pe chnique 
a . The pH measur em.en ts wei'e ma de using the Cambridge 
Instrument Co. No. 0-181356 pH meter. The efficiency of 
the instrument was checked by measur±ng buffered sol-
utions of known snd unknown pH. It was found that the 
instrument would show the hydrogen ion concentration with 
a precision of 0.05 pH units. 
b. The serological solutions, except for the short time 
of handling, were kept in the refrigerator. During the 
work only clean and dry glassware was used and in the case 
of toxoid and antitoxin strict sterility was preserved. 
However, it wa s a scertained that during the short time 
re quired for running the reactions and making the measure-
ments bacterial growth did not produce any detectable pH 
changes, even if the solutions were not kept sterile. 
B. PR OCEDDRES 
I. Determination of Optimal Proportions 
Serial 1-2 dilutions of the A substance were made. 
One half ml of the above described A substance was placed 
in a test tube and diluted with 0.5 ml of 0.9% saline 
solution. The contents were mixed and o. 5 ml of the solu-
tion was transferred into the next test tube and again 
diluted with 0.5 ml of 0.9% saline solution. 
Using the same technique, 8 test tubes were prepared 
with the follovdng dilutions of A sub stance: 
1:2; 1:4; 1:8; 1:16; 1:32; 1:64; 1:128. 
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Then 0.5 ml lectin solution was placed in each test tube with 
the:. A substance dilutions and the fastest occurring reac-
tion~ was observed with the naked eye (method of Dean and 
Webb (18) ). The quickest reaction of lectin and A substance 
occurred in the tube where the A substance was diluted 1:4 
with the saline solution. 
II. pH Measurements in the Reactions of Lectin and A Substance 
1. At the Original pH of the Reactants 
The pH of the original solutions of the A substance 
(diluted 1:4 with saline) and of the lectins were measured 
by making five readings for each solution. Equal volumes 
of lectin end A substance solutions were combined in a 
clean test tube. 
After mixing, the clouding of those normally clear 
solutions indicated the reaction was taking place. Right 
after mixing five pH measurements were made and the rest 
of the reaction mixture was incubated at 37° C for 
15 minutes. 
Heavy floccules appeared and~ain five pH readings 
were taken of the reaction mixture. Such mixtures vsre 
made repeatedly and the pH was measured. 
The lectins used for later pH measurements were ob-
tained from different preparations and it was necessary in 
each case again to determine the optimally reacting pro-
portions of A substance. For example, using the previously 
described procedure, it was found that the most rapid 
reaction of lectin with A substance occurs when the latter 
is diluted in the ratio of 1:2 with 0.9% saline solution. 
The pH of the A substance {diluted 1:2) and the lectin 
solution was measured by taking five readings for each 
solution. Then equal volumes of A substance and lectin 
were combineq in a test tube and five pH measurements 
were taken right after mixing and 15 minutes later, when 
heavy floccules appeared. Other pH readings were taken 
half an hour after the lectin and the A substance were 
combined. 
Sinc"o pH change was found when the reactants were 
used at the pH at whi~h they were furnished, the reaction 
was next studied at a wide range of pH to which the 
reactants were brought by the addition of HCl or NaOH. 
2. The pH of the Reactions of Antibody and Antigen at 
Fixed pH of the Reactants 
The solutions of lectin and A substance were adjusted 
to the following pH: 
a. The solutions were adjusted to pH 3.00. 
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o.o? ml of 0.5 N HCl are required for each m1 of lectin 
solution and 0.02 ml of 0.1 N HCl for each ml of A substance. 
b. The reacting solutions were adjusted to pH 3.?0. 
0.055 ml of 0.5 N HCl was used for each ml of lectin 
solution and 0.01 ml of 0.1 N HCl was required for each 
ml of the antigen. 
c • . The pH of the lectin and the A substance was adjusted 
to 4.5. 
0.05 ml of 0.05 N HCl was added to each ml of lectin 
solution and 0.15 ml of 0.001 N HCl was required far each 
ml of A substance. 
d. The pH of' both reactants were adjusted to 7.00. 
0.1 ml of 0.1015 N NaOH was required for each ml of lectin 
and 0.01 ml of 0.1015 N NaOH was used for each ml of A 
substance. 
Each of the above prepared solutions of the lectin 
was combined with the solutions of A substance of the 
corresponding pH and then the pH measurements were taken: 
1. right after mixing 
2. 15 minutes after mixing 
3. after 24 hours at refrigerator temperature. 
The results of those measurements are given in Tables II 
and III. 
III. The Measurements of pH Changes in the Diphtheria 
Toxoid and Antitoxin Reactions 
1. The Measurements at the Original pH of the Reactants 
Because only limited amounts of the toxoid and anti-
toxin were available the tests were carried out determining 
optimal proportions. The preliminary tests disclosed that, 
on 1:10 dilution with 0.9% saline solution, the toxoid and 
antitoxin solutions still gave good precipitin reactions 
on mixing. The originally obtained diphtheria toxoid and 
antitoxin solutions were diluted 1:10 with 0.9% saline 
solution and were used in the rest of the experiments. 
Equal volumes of the above reactants were mixed and 15 
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minutes later the pH measurements were taken. After cam-
bining reactants, the reacting mixture did not became thick 
but it turned milky and precipitation appeared . The toxoid 
and antitoxin was r epeatedly combined and the pH was 
measured. 
2. The Reactions of Toxoid and -~titoxin at Fixed pH 
of the Reactants 
The solutions of toxoid and anti toxin were adjusted 
to the following pH: 
a. The pH of toxoid and antitoxin was brought to 3.00. 
No precipitation and no visible reaction occurred end in 
this case the pH was not determined. 
b. The pH of the reactants was adjusted to 4.00. 
0.13 ml of 0.05 N HCl was required for each ml of anti-
toxin and 0.04 ml of 0.05 N HCl was added for each ml 
of toxoid. 
c. The pH of toxoid end antitoxin was brought to 4.80. 
0.09 ml of 0.05 N HCl was used for each ml of antitoxin 
and 0. 025 N HCl was required for each ml of toxoid. 
d. The antitoxin solution was used at its original pH 
I. 
( 5.83). The pH of the toxoid was adjusted to 5.80 by the 
addition of 0.02 ml of 0.01 N NaOH for each ml of toxoid 
solution. The above substances were combined and 15 
minutes later the pH readings were taken. 
e. The pH of both reactants was adjusted to 6. 70. 
0.13 ml of 0.01 N NaOH was required for each ml of anti-
toxin and 0.025 ml of 0.01 N NaOH for each ml of toxoid. 
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f. The pH measurements were made after ~ixing antitoxin 
and toxoid at pH 7.50. 
0.18 ml of 0.01 N NaOH was required for each ml of anti-
toxin and 0.04 ml of 0.01 N NaOH was added for each ml of 
toxoid. 
The above described sqlutions of toxoid and antitoxin 
were mixed by equal volumes at their corresponding pH and 
the hydrogen ion concentration was determined: 
1. 15 minutes after combining 
2. 24 hours (kept in the refrigerator) after combining. 
The results of those measurements are recorded in Tables 
IV m d V. 
IV. Measurement of the Buffer Power of the Reagents 
In order to obtain some information about the buffer 
power of the lectin and diphtheria antitoxin, 25 ml of 
these substances was titrated with 0.1 N HCl and NaOH 
solutions and pH readings were taken after the addition 
of every 0.5 ml of the acid or base. 
The lectin employed for the titration was a new 
batch, but its total nitrogen content was very similar to 
that of the lectin used in the previous procedures and 
it is considered that the results of titration can be 
applied to the lectins used above. 
The blood group A substance was also titrated vdth 
0.1 N HCl and 0.1 N NaOH solutions. 
The curves of those titrations rere presented in 
Graphs I, II and III. 
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1. Titration of Lectin Solution 
Original pH of lectin solution: 5.20. 
· --~~:~~d~{ ~-~:0 ~r--~i;~f~1d~~~l~~o --
.. 1.0 3.70 
1 
1.0 1 6.65 
I 
I 
I 
I 
l 
' !- ... 
1.5 3.10 1.5 ! 7.70 
I 2.0 
2.5 
3.0 
3~5 
4.0 
4.5 
5.0 
7.0 
2.80 
2.50 
2.40 
2.20 
2.10 
i 2.10 
I 2.10 
! 
-J __2:~0 
2.0 
2.5 
3.0 
3.5 
4.0 
4.5 
5.0 
7.0 
I 8.80 
l 
' 9. 60 
I !10. o 
1 10.4 
i 
'· 10.7 
I 11.o 
! 11.0 
\ i 11.8 
I 
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! 
I 
\ 
I 
I 
! 
I 
I 
I 
i 
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2. Titration of Diphtheria Antitoxin Solution 
Original pH of diphtheria antitoxin: 6.40. 
----·--t- ·---- - .. -..... . ... ml of 0.1 N pH ml of 0.1 N pH 
HCl added NaOH added 
------
--~··-~· ~ 
_ ...... - .... -p - . - .. ···--- • ·~- .,. ... _____ • ·»·-~-~-· 
0.5 6.30 0.5 6.70 
1.0 6.10 1.0 7.00 
I 
1.5 6.00 1.5 7.40 
I 2.0 5.90 2.0 7.60 i 
2.5 5.70 2.5 7.80 
3.0 5.60 3.0 8.30 
I 
i I 3.5 5.40 I 3.5 8.60 l I 
4.0 5.20 l 4.0 8.90 I l I 4.5 5.10 I 4.5 9.10 I j 5.0 5.00 j 5.0 f 9.30 I . I I ., I 5.5 4.90 l 6.0 r 9.50 l i I I I 6.0 4.80 ' 7.0 9.60 I I I I l ' I 1 6.5 I 4.70 I 8.0 l 9.70 I l l 
I l I 7.0 4.60 l 10.0 9.80 l I I I 
1 l 8.0 l 4.50 12.0 9.90 I 
f l i 
I 10.0 ) 4.30 l 15.0 
I ! i 
_L __________ ...;_ ... - --·--·-- ----- _ .................................. 
i 10.20 I 
.1 . . ..... ·~ .. ··, .. 
25 
3. Titration of Blood Group A Substance 
Original pH of A substance solution: ?.05. 
1.000 
1.500 
2.000 
I 3.20 0.100 10.30 I 
I 2.85 1.5oo 10.85 l 
! 2. ?0 2.000 11.10 I 
l.-·--·--··-------·-···· --·----·--·-··----··-···-----1 
The titrations were performed employing Beckman's 
gl ass electrode pH meter. 
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RESULTS 
Basic data on the lectin preparation are g iven in 
Table I. Among other figures of the antibody analysis 
of particular interest, for this work, is its high 
(32-36%.) specific reactivity with A substance. 
The amount of specifically preeipi table diphtheria , 
antitoxin with its corresponding toxoid was not detei-
mined. 
Boyd (?) states that one Lf unit of toxin combining 
with one standard unit of antitoxin specifically binds 
approximately 0.00045 mg of ant~toxin nitrogen. The 
reported total nitrogen per standard unit of antitoxin, 
used for this work, is 0.00154? mg. So, a rough estimate 
0.00045 
would be 0• 001547 x 100 = 29.22% of specifically pre-
cipitable ahti toxin with its corresponding toxoid. 
Table II shows the pH of the starting lectin and A 
substance solutions and the pH after the solutions have 
reacted. It is intere sting to note that the pH of the 
reacting mixture is the same as the pH of the lectin 
before the start of the reaction. This is probably be-
cause the lectin with its strohg buffering capacity is 
able to consume the additional hydrogen ions from the A 
substance without changing the pH. 
Table III gives the results of pH measurements in 
lectin and A substance eeactions where both reactants were 
mixed at the same pH. As table III shows, no si gnificant 
pH changes were found in any of these reactions. The 
2? 
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reaction a t :pH 3.00 of the reactants was very slow; it 
took a long time to form the precipitate. 
The pH of the starting solutions of diphtheria anti-
toxin and toxoid, and the :pH of their mixtures, are recorded 
in Table IV. As in the ca se of lectin-A subst ance, the pH 
of the combined solutions of antitoxin and toxoid remained 
the same as the pH of the antitoxin solution before mixing 
with toxoid. 
The recorded pH measurements in 'I'able V show no pH 
changes following anti toxin-toxoid reactions where both 
reactants were mixed at the same pH. The antitoxin and 
toxoid solutions, when mixed a t pH e.oo, showed no sign of 
precipitin reaction. Even 24 hours after mixing no pre-
cipitation occurred. 
The results of titrating lectin, diphtheria antitoxin 
and A substance with HCl and NaOH solutions are presented 
in Gr aphs I, II and III. 
] 'rom the slope of the titration curve of lectin in the 
range of 6.65· to 8.80 (Graph II) it is computed tha t the 
addition of 0.1 meq of hydrogen ion corresponds to a pH 
change of 2.15 units. 
(74) 
The dlhfini tion of buffer capacity by Walker ~ al. 
db is: QTpR)• Then the buffer capacity of the lectin 
solution is: 
The precision of the pH meter b-y which measurements in 
this work were made was found to be 0.03. The statistical 
value of this degree of accuracy of pH meter was derived by 
comparing the means of two typical sets of measurements by 
the t-test method of Fisher (26a}. A standard buffer 
solution of potassium acid phthalate at pH 6.00 was used 
and six readings were taken for each sample. The meansof 
those samples were found to be 6.00666 and 6.01500 respec-
tively, and the standard deviation approximately 0.02 for 
both of the samples. 
X- X' t : -=--:-=-8 
( n 1 -r 1 ) ( n2 + 1 ) 
n1 -r n2 t 2 
where n1 ::: 5 and n2 -::. 5. 
For t to be significant, the probability must be less 
than 0.05. Then value in this test is n1+ n2 =. 10, so by 
computing from Table IV of Fisher's book, tis found to be 
2.228. But from the above equation, t depends upon the 
diff erence between the two means. If this difference is 
called D, then the above equation becomes 
{n1 + 1) [Ii"2-t 2f 
n1 -r n2 + 2 
or D=. 0.02 x 2.228 = 0• 026 :=:. 
1.732 
the accuracy of the pH meter in pH units. In order to 
assure more safety for the calculation based on this find-
ing, the accuracy figure was rounded off to 0.03. 
For the pH to be detected in 25 ml of lectin solution 
there must be at least the following amount of hydrogen 
ion produced or neutralized: 
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0.03 - 2.15 • 
x-- 0.0001' X·- 1.39 X 10-
6 Eqv per 25 ml of lectin 
solution. The total amount of nitrogen in 1 ml of lectin 
solution is 2.06 mg; therefore the protein ammounts to 
2· 06 x ~o~g x 25 = o.322 gm in 25 m1 of lectin solution. 
So, for each gram of protein present in the 
1.39 x 10-6 : 4 32 x 10-6 Eqv of hydrogen ion would 0.322 • 
have · to be produced or neutralized in order for the pH 
changes to be detected. 
However, the required production of hydrogen ion can 
come only from the active lectin, since this is the only 
component of the lectin preparation which could be concerned 
in producing any hypothetical hydrogen ion ch ange follmJ\Iing 
the reactions with its corresponding antigen. As previ-
ously stated, the active lectin amounts to 30% of the total 
protein in sol uti on and its molecular weight, determined by 
Boyd et al. (14), is 80,000. Then 
2.06 x 6.25 x 25 x 0.30 - 1 22 x 10-6 moles of active 
1000 X 80,000 · - ' 
lectin is present in 25 ml of lectin solution. Since it 
was found that to detect any pH change in t h is volume of 
lectin solution, 1.39 x 10-6 Eqv of hydrogen ion would have 
to be produced or taken up, then 
1 39 lo-6 
• x 6 = 1.14 Eqv of hydrogen ion is required 1.22 X 10-
per mole of active lectin, or about two ionizable groups 
per molecule in order for the pH change to be detected. 
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Similarly, from the slope of the diphtheria anti toxin 
titration curve (Graph I) it is computed that when the pH 
is increased from 6.40 to 8. 30, or 1.9 units, 0.3 meq or 
0.0003 Eqv of hydrogen ion was neutralized. 
The buffer capacity of diphtheri a antitoxin solution is 
db - 0.0003 = 1 58 x lo-4 Eqv/pH. Since the precision d(pH) - 1.9 • 
of the pH meter is 0.03 pH units, to detect any pH ch ange 
would require at least 
0
•
03
-
1
•
9 ; X = 4.74 x 10-6 Eqv per 25 ml of the x- - o.003 
antitoxin solution. 
'I1he tota l nitrogen of diphtheri a anti toxin sol uti on is 
6 . 48 mg/ml or 
6.48 x 6.25 x 25 - 1.012 gm of protein in 25 ml of 1000 
antitoxin solution. To detect a ny pH ch ange per gr am of 
protein, the required cha nge in hydrogen ion concentra tion is 
4.74 x lo- 6 
1.012 4.68 X 10-
6 Eqv/gm. 
The active diphtheria anti toxin amounts to 29o/~ {p. 27 ) 
of the total protein present in the solution and its mole cule.r 
weight, determined by Petermann and Pappenheimer (62a) is 
found to be 184,000. (Recently, the word came from Dr. 
Alwin M. P appenheimer, Jr. that in calculating the molecular 
weight of diphtheria antitoxin they introduced an error and 
that the true molecular weight is 165,000. Therefore this 
weight vvill be used in our calculations.) 
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Consider i ng the fact that only active diphtheri a anti-
toxin may contribute to a possible hydrogen ion change 
following the reaction with its corresponding toxoid, it 
is calculated 
6.48 x 6.25 x 25 x 0.29 - 1 78 x 10-6 moles of act1."ve 
1000 X 165,000 - • 
diphtheria antitoxin in 25 ml of antitoxin solution can 
contribute. 
Since it is determined that to detect any pH change in 
this volume of diphtheria antitoxin solution, 4.74 x 10-6 
Eqv of hydrogen would h ave to be pro duced or taken up. Then 
-6 
· • 4. 74 x lO = 2. 66 Eqv of hydrogen ion is required per 
1.78 x lo-6 
mole of actixa antitoxin, or ab out three ionizable groups 
per molecule in order for the pH change to be detected. 
The titration curves of lectin and diphtheria antitoxin 
solutions indicates that the lowest buffer c apacity of those 
serologic al solutions is in the range of pH 7.00 to 9.00. 
Because no pH change was found, following the rea ctions of 
lectin and di phtheria antitoxin with their corresponding 
antigens at pH 7.00 and 7.50, this would indicate that the 
change i n hydrogen ion concentrat ion is less than 1.14 Eqv 
in the case of lectins and 2.66 Eqv in the case of diphtheria 
antitoxin. 
In diphtheria antitoxin and its toxoid reactions, the 
required change in hydrogen ion concentration may be higher 
bec ause the toxoid is protein and possibly would increase 
the buffer capacity of the antitoxin-toxoid complex. But 
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because of the limited amount of diphtheria toxoid available 
no titration was performed and the buffer capacity was not 
determined. 
Graph III shows the titration curve of blood group A 
substance with 0.1 N HCl and 0.1 N NaOH solutions. The 
slope of the titration curve discloses that A substance has 
a low buffer capacity. Those findings are to be expected 
since A substance is a polysaccharide. 
The titrations were performed using a much less sen-
sitive pH meter than the one employed to measure the pH of 
reacting serological solutions. Therefore some inaccuracy 
could be introduced in recording the original pH of the 
solutions; but the error in constructing the titration 
curves should be a slight one, because in this case only 
comparative figures are required. 
TABLE I 
Data on the Preparations of Lectin 
1----+-----··-- ------------ -----·----- ····- -- ·---- --------~ 
I No I Preparation 
I 
. l 
Interpolated 
titer vs. 
A cells 
% specific-
ally precip 
itable with 
mg N/ml T/1~ A substance 
··----.. ---1--... ---. -- t ___ .. ___ ---· 
1. I 
I I 
l 2. 
1
1 
I I 
i I I 3. ·~ 
8 
8 
8 
855 I 1.41 I 610 36 
28,?00 I 3.20 I 9000 32 I I ! I 9 3 l 0. 44 210 I b 
--L--------- .. ·-·--· ---~---1---- --------· ---- .. --· ._ ____ ---
a Titer divided by mg N/ml 
b Not determined 
3.4 
T A B L E II 
The Results of pH Measurements in the Reactions of 
Lectin and Blood Group A Substancea 
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n Time af_t_e~---M-l_e_an_o_f_p--H ....... ;~~:c~~oi~l-:~ndard_r_ 
I No. j Substances mixing reactants mixtureb deviation 1 
I 1. I Lect_i_: -·--· -- -------- l--~~1~ - -~ -----t--;.-0-;--t 
2. 
3. 
A substance 
Lectin plus 
A substance 
i 
Right af-
ter mixing 
Lectin plus ! 15 minutes 
A substance I 
4. 
l 5. Lectin plus 1 
1 A substance 1 24 hours I 5. I A substance I I 
l I I . 
I
I 
5.33 0.07 
! 
! 0.02 
I I o.o14 
6.10 
6.12 
i 
6.13 
5.36 0.02 
5.08 0.01 ! 7. 1 Lectin l 1· 
I i l · 
. 8. \ Lectin plus . i , : 1 I . A substance I 15 minutes j - r 5.10 ! 0.01 I 
_ _J_ ___ ~ ---------···-·--L-.. ..  ---" ........ _ ... .!. _____________ ... ___ _:__ ...... ____ ., ____ _...:_ .. ________ ,--
a The reactants were used at their original pH 
b Mean pH of five or six readings 
T A B L E III 
The Results of pH Measurements in the Reactions of 
Lectin and Blood Group A Substancea 
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. 1\ - ·---------~ Me~~ p; - ~vie an pH of·-
No. I Substances mixing reactants mixtureb deviation 
Time after I of reaction Standard 
I !----+· -------+--------------[___ -·--------·--- ·-------~-} I 
Lectin plus Right af-
1
1 
A substance ter mixing 3.ooc 3.01 0.016 
1. 
2. Lectin plus j 
24 hours 3.ooc 3.01 0.01 A substance ! 
3. 
4. 
6. 
5. 
I I 
Lectin plus ! Right af- l I A substance ! ter mixing I 3.?0 3.70 0.01 I Lectin plus ! ! A substance ! 15 minutes I 3.70 3.69 0.01 I I I Lectin plus l Right af- ' I l 
A sub stance j ter mixing l 4.50 4.50 I 0.01 I 1 l 
Lectin plus j l I I I I A sub stance ! 24 hours I 4.50 4.51 I 0.01 l 
Lectin plus i l A substance ~ 15 minutes 7.00 7.01 0.01 l 
' 
?. 
j 
l 
l 
I 
I j 
! j 
! 
l ( 
l 
I 
l 
~ 
l 
I 
! 
r 
---1----------··--- __ j _ -· ~·--;-·-----···--·--·-----
a Both solutions adjusted to the same pH before mixing 
b Mean of five pH readings 
c Only slight turbidity appeared, but no pre cipitation 
3 ? 
T A B L E IV 
The Results of pH Measurements in the Reactions of 
Diphtheria Toxoid and Its Antitoxina 
i I, I 1 Mean pH Mean pH of 
l 1 Time after of reaction Standard No. j Substances mixing reactantsb mixtur·eb deviation 
11. \ Toxoid r-·· --~~-59 --- ----- --·---·--- --~-:~ -~---
2. ! Antitoxin 1 5.83 0.01 l 
I I 
3. l Toxoid plus i I j anti toxin ! 15 minutes il 5.82 
1
. 0.016 
I . ! 
4. 1 Toxo1d plus l 1 j j 
l antitoxin° 115 minutes l - 5. 81 0.03 
------ -... --~-----' ----·- -- -~· - -·----1-------· _ __j_ ____ _. ____ ----
a The reactants were used at their original pH 
b Mean of five pH readings 
c Reaction repeated a second time 
TABLE V 
The Results of pH Measurements ih the Reactions of 
Diphtheria Toxoid and Its Antitoxina 
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rT r·-Ti:~---~~t:-~ .. ---I~~-~~~pH--lM~:~~~~if ---s-tan-~:~:-·--
1 No. j Substances 1 mixing reactantsb mixture deviation 
t--i ----·-------- -·-:··· ··-----~·-·-- ' ·--- --·-· ---·-
i ~ l I : 1. : Toxoid plus ,
l ! antitoxin : 15 minutes 4.ooc 3.99 
~ ! ~ ' 0.00? 
2. 
3. 
4. 
5. 
6 . 
?. 
Toxoid plus ( 
antitoxin ' 24 hours 
I 
Toxoid plus ! 
anti toxin !. 15 minutes 
Toxoid plus i 
antitoxin ! 15 minutes 
I 
Toxoid nlus \ 
anti toxin 1. 15 minutes 
! 
Toxoid plus l 
anti toxin , 15 minutes 
4.ooc 
4.80 
5.83 
6.?0 
?.50 
4.03 
4.?8 
5.84 
6.69 
?.49 
I 
I 
I 
0.00? 
1 o.oo35 1 
! ll 
I 0 .0055 
0.007 
' • 
j 
· 1 · · I TOXOld p US ! [ r 
anti toxin 24 hours ? • 50 i ? • 51 ! 0. 005 1 
~--.1..- ---- --' ------- --'--~---.1-------·--" ~- _____ __.__ 
a The reactants were used at fixed pH 
b Mean o_f two or t hree pH readings 
c The precipitin reac:tion was weak and only slight 
turbidity appeared, compared with the flocculation 
appearing in the rest of the reactions. 
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D I S C U S S I 0 N 
Considering the claims of many investigators and par-
ticularly those of Singer and Campbell (68, 69, ?0) that 
ionized groups must be present and play an important wole 
in specific antibody-antigen reactions, it was reasonable 
to expect that the pH of antibody-antigen mixtures should 
differ from that of the reactants. However, the results 
of carefully performed pH measurements in the course of 
this work show no detectable change in pH during the 
antibody-antigen reaction. These results are in agreement 
with the earlier findings of Smith and Marrack, who however 
used weaker systems. 
The data collected in this work do not solve the prob-
lem of why there is no pH change in those reactions. The · 
following reasons might be suggested: 
a. The changes of pH in serological reactions are 
small and do not show up because the changes in concen-
tration are buffered by the antibody protein and by rela-
tively large amounts of inactive protein present in one or 
both of the reactants. 
b. By the formation of an antibody-antigen complex 
the pK's of ionizable groups of the reactants are changed 
and the pH changes of the reaction are thus compensated for. 
c. Changes of pH occur, but are small and the instru-
ment used for the measurements is not sensitive enough to 
detect those changes. 
The possibility that the change in hydrogen ion con-
centration is masked by the buffering action of the protein 
of the reactants is supported by the findings in this work, 
where on titration of lectin and diphtheria antitoxin with 
HCl and HaOH solutions, the buffer capacity db/d(ph f} of 
those solutions was found to be 4. 65 x lo-5 Eqv/pH and 
1.58 x 10-4 Eqv/pH respectively. 
43 
The calculations, applying the figures of buffer 
capacity of the solutions and accuracy of the pH meter, 
indicates that in order to detect the pH change the hydro8en 
ion produced or taken up must be at least 1.14 Eqv per mole 
of active lectin and 2.66 Eqv per mole of active diphtheria 
antitoxin. This would also indicate that there must be 
about two ionizable groups per mole of lectin and about 
three ionizable groups per mole of diphtheria antitoxin. 
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ABSTRACT 0 F THESIS 
Contributions of a number of scientists to the study 
of the operating forces in serological reactions led to the 
theory that at least some ionized groups must be involved 
in the specific combination of the antibody and antigen 
molecules. This theory, summarized by Pauling et ~· (60), 
states that the affinity for specific antibody-antigen 
union depends on ordinary " short range" forces. One of 
these forces, Coulomb attraction, operates between oppositely 
charged ionized groups arranged in complementary pattern on 
the molecules with the serological properties. 
The advancement of ionized groups participation theory 
raised the QUestion of whether there is a change in hydrogen 
ion concentration following the serological reactions. 
Hirsh (40) and later Smith ana Marrack (71) tried to solve 
the problem by determining the pH in diphtheria toxoid and 
its anti toxin reactions. Wherea s Hirsh found great changes 
in pH during the serological reactions, Smith and Marrack 
reported that they could not find any pH change. 
In an effort to add some clarification to this problem 
this work was designed to determine the pH following the 
reactions of two serological systems: 
1. Plant hemagglutinin (lectin) plus blood group A 
substance. 
2. Diphtheria toxoid plus diphtheria antitoxin. 
2 
Those systems were preferentially selected because the high 
percentage of lectins and diphtheria antitoxin are specific-
a lly precipitable with their corresp onding antigens. There-
fore they contain less inactive . proteins to obscure any pH 
changes which may result from the union of antigen and 
antibody. 
PROCEDURE 
The solutions of lectins and A sub stance were obta i ned 
from Dr. W. C. Boyd's laboratory a t Boston Univers ity 
School of Medicine. The procedure of preparation is des-
crib ed by Boyd et al. (14). The A s ub s t an ce wa s pr epar e d 
f rom commercia l h og gastric mucin, e ssentic:.l l y b y the 90% 
phenol method o f ~-iorgan ( 1). Th e diphtheria t oxoi d. and 
anti toxin were obtained from the Vaccine · Department o f 
Uas s a chusetts Public Health Biologic Ls.b oratories, and were 
p r ep ared essentially by t he me t h ods of Banzhaf (3 ) cm.d 
I1~ueller (54). 
The followi ng an alytic al da t a of t hose S1.J.b st enc es ·we re 
r ep orte d b y t he supp liers: 
n--------~--------------~~ --- --:--- p~e~l~~~!~1!1~~ti-
\ :/J \ Su bstance l Concentr ation lmg N/ ml gens & antibodies 
1 I I - -~---
1 1.1 Lectin 40% concentr. l I in s a line soln. 
\ 2. \ A substance 17& concentr. 
I ' 
, I in s aline soln. 
i I 
\ 3 .I Diphtheria ; i anti toxin 
I I \4· \ Di phtheria 
·, , toxoid 
4200 Standard 
Units 
4200 Lf units 
I 1, ____ _ 
--- ·-~--...-·--- ~-- -··-
1.68 
6.48 
1.85 
32-36 
33 
29 I 
(calc:lated) I 
------- - ---------- __ [ __ 
3 
The pH's of the above solutions were me asured, t hen th e 
antibodi es ·were mixed with t heir corresponding ant i gBns by 
equal volumes an d the pH' s of the reacting mi xtur es were 
determined : 
a. Ri gh t after mixing 
b. 15 minutes after mixing 
c. 24 hours (refrigerated) after mi xing . 
Us i ng the weak solutions of HCl an d HaOH the solution s o f 
lectin and A sub s t an ce were adjusted to the followi ng pH's: 
3 .00; 3.70; 4.50; 7.00. By the same metho d the solutions 
of diphtheria toxoid end a nti toxin were brought to the pH's: 
4.00 ; 4.80; 5.83; 6.70; 7.50. Then equal volume s of the 
solutions of lectin and A sub stance were mixed together end 
the hydro gen ion concentration of the mixture was determined: 
a. Ri gh t after mixing 
b. 15 minutes after mixing 
c. 24 hours a fter mixing (refriger a ted). 
Employing the same technique the solutions of diphtheri a 
toxoid and antitoxin were combined by e qual volume s an d the 
pH re adings we re taken. 
In order to obta in some information about the buffe r 
capacity of lectin, diphtheri a antitoxin and A sub stance, 
25 ml of each of those solutions was titrated with 0.1 N 
HCl and NaOH, and pH readings were taken after the addition 
of every 0.5 ml of acid or base. 
The instrument used fur pH determination was Cambridge 
Instrument Company pH meter No. 0-181356. The efficiency 
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of the apparatus was found to be 0.03 pH units. 
The glassware used was dry and free of contamination. 
In the case of toxoid and antitoxin, the sterility was 
preserved throughout the work. 
RESULTS 
In a series of measurements performed at a wide range 
of pydrogen ion concentration of the reactants, no pH change 
was found in those serological reactions. 
The pH of combined solutions of lectin and A substance, 
as well as diphtheria toxoid and antitoxin, remained the same 
as the pH of those solutions before mixing. 
At pH 3.00 combined lectih and A substance solutions 
showed no sign of reaction; even 24 hours later no precipitate 
appeared in the test tube. 
The rest of the solutions, when combined at their cor-
responding pH, showed normal preciptin reaction. The time 
required for the precipitation was not determined. 
The buffer capacity of lectin and diphtheria antitoxin 
(computed from titration curves) was found to be 4.65 x 10-5 
Eqv/pH and 1.58 x lo-4 Eqv/pH respectively. 
The tiDEation curves also disclosed that,at this buffer 
power of the solutions and pH meter sensitivity of 0.03 pH 
units, the hydrogen ion produced or neutralized must be at 
least 1.14 Eqv/mole of active lectin and 2.66 Eqv/mole of 
active diphtheria antitoxin so that pH changes could be 
detected in those serological solutions. 
--
SUMMARY 
The pH following the reaction of two serological 
systems 
a. Plant hemagglutinin (lectin) and blood group A 
substance 
b. Diphtheria toxoid and diphtheria antitoxin 
was determined. No detectable change of pH was found on 
comparing the pH of the starting solutions with the pH 
found after mixing these serological solutions. 
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